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Background: Typhoid fever is a systemic infection caused by the bacterium Salmonella enterica serovar Typhi. Age,
sex, prolonged duration of illness, and infection with an antimicrobial resistant organism have been proposed risk
factors for the development of severe disease or fatality in typhoid fever.
Methods: We analysed clinical data from 581 patients consecutively admitted with culture confirmed typhoid fever
to two hospitals in Vietnam during two periods in 1993–1995 and 1997–1999. These periods spanned a change in
the antimicrobial resistance phenotypes of the infecting organisms i.e. fully susceptible to standard antimicrobials,
resistance to chloramphenicol, ampicillin and trimethoprim-sulphamethoxazole (multidrug resistant, MDR), and
intermediate susceptibility to ciprofloxacin (nalidixic acid resistant). Age, sex, duration of illness prior to admission,
hospital location and the presence of MDR or intermediate ciprofloxacin susceptibility in the infecting organism
were examined by logistic regression analysis to identify factors independently associated with severe typhoid at
the time of hospital admission.
Results: The prevalence of severe typhoid was 15.5% (90/581) and included: gastrointestinal bleeding (43; 7.4%);
hepatitis (29; 5.0%); encephalopathy (16; 2.8%); myocarditis (12; 2.1%); intestinal perforation (6; 1.0%); haemodynamic
shock (5; 0.9%), and death (3; 0.5%). Severe disease was more common with increasing age, in those with a longer
duration of illness and in patients infected with an organism exhibiting intermediate susceptibility to ciprofloxacin.
Notably an MDR phenotype was not associated with severe disease. Severe disease was independently associated
with infection with an organism with an intermediate susceptibility to ciprofloxacin (AOR 1.90; 95% CI 1.18-3.07;
p = 0.009) and male sex (AOR 1.61 (1.00-2.57; p = 0.035).
Conclusions: In this group of patients hospitalised with typhoid fever infection with an organism with intermediate
susceptibility to ciprofloxacin was independently associated with disease severity. During this period many patients
were being treated with fluoroquinolones prior to hospital admission. Ciprofloxacin and ofloxacin should be used
with caution in patients infected with S. Typhi that have intermediate susceptibility to ciprofloxacin.
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Typhoid fever, caused by Salmonella enterica serovar Typhi
(S. Typhi) and Salmonella enterica serovar Paratyphi A
(S. Paratyphi A), has been estimated to cause approximately
27 million infections each year worldwide [1]. The disease
is common in parts of Asia particularly among children [2].
Fatality rates in the pre-antimicrobial era ranged from 7 –
26% of hospitalised cases [3-5]. The introduction of chlo-
ramphenicol, and subsequently, other antimicrobial agents,
led to a marked reduction in the occurrence of severe and
fatal disease [4,5]. Despite improvements in treatment,
some patients, particularly the very young and elderly, and
those receiving inadequate antimicrobial therapy, continue
to develop severe and life threatening disease [5-7].
Since the early1990s multidrug-resistant (MDR) strains
of S. Typhi and S. Paratyphi A (resistant to chloramphe-
nicol, trimethoprim/sulphamethoxazole and ampicillin)
have not only caused epidemics, but have become endemic
across some parts of Asia [2,8]. Similarly, isolates of S.
Typhi and S. Paratyphi A with intermediate susceptibility to
ciprofloxacin (formerly called decreased susceptibility and
indicated in the laboratory by resistance to nalidixic acid or
with a minimum inhibitory concentration (MIC) between
0.1 and 0.5 μg/mL against ciprofloxacin) are now common
in endemic areas and in imported infections in industria-
lised countries [8,9]. Intermediate susceptibility to cipro-
floxacin has been associated with longer fever clearance
time and treatment failures when either ciprofloxacin or
ofloxacin are used for treatment [10,11].
Severe or fatal typhoid fever has been reported to be as-
sociated with extremes of age, female and male sex and
prolonged illness [4,6,7,12-16]. Infection with antimicro-
bial resistant isolates (MDR and nalidixic acid resistant)
has also been proposed to correlate with the development
of severe infection [6,16,17]. The association of antimicro-
bial resistance with severe disease may result from a delay
in the initiation of appropriate antimicrobial therapy, but
may also potentially be the result of a genotypic asso-
ciation that increases the pathogenic potential of infecting
organism.
We aimed to determine microbiological and clinical fac-
tors associated with increased risk of severe typhoid fever,
hypothesising that the changing antimicrobial resistance
phenotypes throughout the selected study periods in
Vietnam were associated with a shift in disease severity.
We used a logistic regression model to assess the influence
of age, sex, duration of illness prior to hospital admission,
and the antimicrobial resistance profile of the infecting iso-
late on the clinical severity of typhoid.
Methods
Patients studied
This analysis was performed on data from patients at
two hospitals in southern Vietnam between May 1993-July 1995 and April 1997-February 1999. The two hospi-
tals were The Hospital for Tropical Diseases (HTD) in
Ho Chi Minh City (HCMC) and Dong Thap Provincial
Hospital (DTPH) in Cao Lanh, Dong Thap Province.
HTD is a 500-bed infectious disease hospital with a
catchment area encompassing HCMC and is a referral
hospital for the surrounding province and DTPH is a
400-bed general hospital, serving the population of Cao
Lanh and is a referral centre for the province of Dong
Thap in the Mekong Delta. During these time periods
consecutive patients with blood or bone marrow culture
confirmed typhoid were included in antimicrobial treat-
ment, diagnostic, pathophysiology and surveillance
studies at the two hospitals [17-27]. There were only a
small number of patients with paratyphoid and they
were excluded from this analysis.
Each individual study independently received approval
from the scientific and ethical committee of the respec-
tive hospital prior to the initiation of the study. Patients,
or the parent or guardian for children, gave informed
verbal consent before entry into the studies. The studies
were conducted in accordance with the Declaration of
Helsinki. This was a post-hoc analysis of the existing
prospectively collected anonymised patient and labora-
tory data from these studies. No additional data collec-
tion or laboratory analysis was performed.
Clinical data
Demographic, clinical and laboratory data was prospect-
ively gathered on standardised case report forms at the
time of hospital admission. For continuous variables
patients were categorised according to the presence with
in the first 24 hours of admission of; a peak temperature
of > 40.0°C, a systolic blood pressure of < 90 mmHg, a
haematocrit of < 30%, an elevated white cell count (defined
as > 15 × 109/L), a low white cell count (defined as < 4 ×
109/L), a low platelet count (defined as < 100 × 109/L), an
elevated SGOT (defined as > 200 IU/L which was approxi-
mately five times upper limit of normal) and an elevated
SGPT (defined as > 200 IU/L which was approximately five
times upper limit of normal). Clinical outcomes (death or
resolution) were recorded for all patients. Patients who
were readmitted as relapse cases were only included for
the initial admission. Information concerning antimicrobial
agents used for treatment prior to hospital admission was
not reliably available.
Severe disease was defined by the presence of one or
more of the following features: gastrointestinal bleeding
(the presence of visible blood in the stool), intestinal per-
foration (confirmed at surgery), encephalopathy (delirium,
obtundation or coma), haemodynamic shock (systolic
blood pressure < 90 mmHg and/or diastolic blood pres-
sure < 60 mmHg associated with tissue hypoperfusion),
myocarditis (tachycardia or bradycardia with an associated
Figure 1 The age distribution and severity in 581 hospitalised
Vietnamese patients with typhoid fever between 1993 and 1999.
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cardial effusion), hepatitis (as indicated by jaundice and/or
hepatomegaly with abnormal levels of SGOT (> 400 IU/L)
and/or SGPT (>400 IU/L)), a clinical diagnosis of cholecys-
titis (right upper quadrant pain and tenderness without
evidence of hepatitis), pneumonia (respiratory symptoms
with abnormal chest X-ray infiltrates) or pleural effusion,
severe anaemia (haematocrit ≤ 20%), the need for a blood
transfusion, or death.
Microbiological methods
Blood or bone marrow aspirates was added to brain
heart infusion broth containing sodium polyethanol-
sulphonate (1:10) and incubated at 35-37°C for seven
days. Sub-cultures were performed after one, two and
seven days or when the broth went turbid. Alterna-
tively, blood was inoculated into BACTEC bottles
(Becton-Dickenson, USA) and cultured for five days in
a BACTEC 9050 automated incubator. Bottles that
gave a positive signal were sub-cultured. Salmonella
isolates were identified by standard biochemical tests
and agglutination with Salmonella specific antisera
(Murex diagnostics, Dartford, United Kingdom). Anti-
microbial sensitivities were performed at the time of
isolation by a modified Bauer-Kirby disc diffusion
method and inhibition zone sizes were recorded. Inter-
pretations of the zone sizes were based on the current
(2013) CLSI guidelines [28]. The antimicrobials tested
(Unipath, Basingstoke, United Kingdom) were chlor-
amphenicol (30μg), ampicillin (10μg), trimethoprim-
sulphamethoxazole (1.25/23.75μg), ceftriaxone (30μg),
ofloxacin (5μg), azithromycin (15μg) and nalidixic acid
(30μg). Isolates were stored in Protect beads (Prolabs,
Oxford, United Kingdom) at −20°C.
Stored bacterial isolates were later sub-cultured onto
nutrient agar and the MICs for the isolates were de-
termined by the standard agar plate dilution method
according to CLSI guidelines or using E- test strips ac-
cording to the manufacturer’s guidelines (AB Biodisk,
Solna, Sweden). The evaluated antimicrobials were cip-
rofloxacin (0.008 μg/mL to 4 μg/mL), ofloxacin (0.008
μg/mL to 4 μg/mL) and nalidixic acid (0.5μg/mL to 512
μg/mL). Antimicrobial powders were purchased from
Sigma, United Kingdom, except for ofloxacin, which
was donated from Hoescht Marion Roussel. Escherichia
coli ATCC® 25922 and Staphylococcus aureus ATCC®
25923 were used as control strains for these assays. An
isolate was defined as MDR if it was resistant to chlor-
amphenicol (≥ 32μg/ml), trimethoprim/sulphamethoxa-
zole (≥ 8/152 μg/ml) and ampicillin (≥ 32μg/ml). An
isolate was defined as having intermediate ciprofloxacin
susceptibility if it was resistant to nalidixic acid (≥ 32μg/ml)
and/or had a ciprofloxacin MIC of 0.1-0.5 μg/ml and/or
ofloxacin MIC of 0.25-1.0 μg/ml.Analysis
Demographic and clinical features were described for
the whole cohort and within the stratified age categories
of < 5 years, 5–15 years and ≥ 16 years. Continuous data
was described using median and inter-quartile range and
compared using the Mann Whitney U-test. Proportions
were compared with the Chi squared test or the Fisher’s
exact test as appropriate. Age, sex, duration of illness
prior to admission to hospital, the presence of an MDR
phenotype and intermediate susceptibility to ciproflo-
xacin were evaluated for association with severe or fatal
typhoid fever through a univariate analysis. A multi-
variate logistic regression model controlling simultan-
eously for the effects of confounding included variables
associated with the outcome of severity (p < 0.10) as well
as a priori factors age, sex and site. Statistical analysis
was performed using STATA version 11 (StataCorp,
Texas, USA).
Results
Demographic data and diagnostic test results
Data was available for analysis on a total of 581 patients
with culture confirmed typhoid fever. There were 347
typhoid patients during 1993 and 1995 and 234 during
1997 and 1999. The final dataset included 355 (61.1%)
children (< 16 years), with 44 (7.6%) under the age of
5 years, and 226 (38.9%) adults (≥ 16 years) (Figure 1).
There were 296 (50.9%) males, comprised of 196 (55.2%)
male children and 100 (43.2%) male adults. A blood and
bone marrow culture was performed with material from
193 (33%) patients and blood culture alone was performed
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both blood and bone marrow cultures, S. Typhi was iso-
lated from both samples on 145 (25%) occasions and from
the bone marrow alone on 28 (5%) occasions.
The clinical and microbiological features of typhoid on
hospital admission
The signs and symptoms of the enrolled patients at the
time of admission are summarised in Table 1 and clas-
sified by age range. Children under 16 years old were
more likely than adults to have a shorter duration of
illness, constipation and a cough. Abdominal pain and
vomiting was most commonly recorded in school-aged
children, and adults were more likely than children to
have a headache. More than half of all enrolled subjects
had diarrhoea and a peak temperature in excess of 40°C.
Children under 16 years old were more likely to have
hepatopslenomegaly and were more frequently infected
with an MDR or intermediate ciprofloxacin susceptibility
organism.
Clinical outcomes and the prevalence of severe typhoid
The clinical outcomes of the enrolled typhoid patients are
summarised in Table 2 and classified by age range. The
prevalence of severe or fatal typhoid at the time of ad-
mission in this group of patients was 15.5% (90/581). The
most common complications associated with severe
disease were gastrointestinal bleeding (43; 7.4%); hepatitis
(29; 5.0%); encephalopathy (16; 2.8%); myocarditis (12;
2.1%); pneumonia or pleural effusion (11; 1.9%); intestinal
perforation (6; 1.0%); and haemodynamic shock (5; 0.9%).
Severe disease was slightly more frequent in adults (39/
226; 17.3%) than in children under 16 years (51/355;
14.4%) (Figure 1). The overall case fatality rate was 3/581
(0.5%). All these three fatal cases were adults with com-
bined encephalopathy and haemodynamic shock. The six
patients with intestinal perforation, all male, were man-
aged successfully with surgery and antimicrobial therapy.
The clinical and laboratory features associated with severe
disease are shown in Table 3.
Risk factors associated with severe typhoid infections
Associations between age, sex, duration of illness prior to
admission, hospital site and infection with an organism
with an MDR or intermediate ciprofloxacin susceptibility
phenotype with severe disease are shown in Table 4. All of
these variables were evaluated for associations with severe
typhoid through a logistic regression model. After con-
trolling for the effects of confounding, severe disease was
independently associated with infection with an organism
with intermediate resistance to ciprofloxacin (AOR 1.90;
95% CI 1.18-3.07; p = 0.009) and male sex (AOR 1.04
(1.00-2.57; p = 0.048).We hypothesised that the observed association between
infection with an organism exhibiting intermediate resist-
ance to ciprofloxacin and disease severity may be related
to these individuals having a longer duration of illness be-
fore hospital admission, as a result of initially receiving in-
effective treatment. However, the median duration of illness
prior to hospitalisation for patients infected with an organ-
ism with intermediate ciprofloxacin resistance was 8 (IQR:
6–10) days and for patients infected with a ciprofloxacin
susceptible organism was also 8 (IQR: 6–13) days (p =
0.081).
Discussion
In this study of 581 Vietnamese patients hospitalised with
acute typhoid we identified an independent association of
infection with isolates with intermediate susceptibility to
ciprofloxacin with severe typhoid. Our research and the
research of other groups have previously discussed an im-
paired response to ofloxacin and ciprofloxacin among pa-
tients infected with a ciprofloxacin intermediate isolate
[10,11]. A retrospective report in children and adults from
New Dehli, India showed an association between severe
disease and MDR strains and strains with a decreased sus-
ceptibility to fluoroquinolones [16]. In the multivariate
analysis in the New Dehli study this relationship with
severe disease remained significant for strains exhibiting a
decreased susceptibility to fluoroquinolones (OR 3.96,
95% CI 1.39-11.24, p = 0.004). During the period of the
study fluoroquinolones, such as ofloxacin and ciprofloxa-
cin, became widely available for treating typhoid infections
caused by MDR organisms in outpatients, private clinics
and hospitals. Such treatment would be less effective ini-
tial treatment for strains with intermediate susceptibility
to ciprofloxacin. We anticipated that this might result in a
delayed presentation to hospital for patients infected with
such strains. In fact there was no significant difference in
the duration of illness before admission in these patients
compared with those infected with ciprofloxacin suscep-
tible strains.
Our analyses found that severe or fatal disease was
slightly more common in adults than children. Previous
data regarding the severity of typhoid in children and
adults demonstrates variability. Some studies describe
typhoid as a severe disease in young children [6,7,13,14],
but others characterise it as a comparatively mild, even
benign, illness [29-31]. This feature of our findings may
lack some generalisability, as severely ill children resident
in HCMC may be admitted to one of two specialist pae-
diatric hospitals rather than HTD. Furthermore, typhoid
in very young children (< 5 years) may present with
unspecific clinical features such as syndromic sepsis,
pneumonia, diarrhoea or a viral syndrome and may not be
recognised as clinical typhoid [31]. We also found that
that severe disease was more common in males and all
Table 1 The demographics and clinical features of 581 typhoid fever patients categorised by age
Covariate All ages <5 years 5-15 years ≥16 years p
value1
p
value2n = 581 n = 44 n = 311 n = 226
Baseline
Year3
1993-1995 347 (59.7) 26 (7.5) 177 (51.0) 144 (41.5) 0.785 0.117
1997-1999 234 (40.3) 18 (17.7) 134 (57.3) 82 (35.0)
Site4
Ho Chi Minh City 350 (60.2) 24 (6.9) 136 (38.9) 190 (54.3) 0.177 <0.001
Dong Thap 231 (39.8) 20 (8.7) 175 (75.6) 36 (15.6)
Male sex 296 (50.9) 28 (63.6) 168 (53.8) 100 (45.3) 0.230 0.010
Days ill prior to admission5 8 (6–11) 7 (6–10) 7 (6–10) 9 (7–14) 0.813 <0.001
Signs & symptoms
Abdominal pain 178 (30.6) 9 (20.5) 129 (41.5) 40 (17.7) 0.007 <0.001
Constipation 134 (23.1) 10 (22.7) 107 (34.4) 17 (7.5) 0.123 <0.001
Diarrhoea 321 (55.2) 26 (59.1) 177 (56.9) 118 (52.2) 0.785 0.240
Vomiting 116 (20) 5 (11.4) 75 (24.1) 36 (15.9) 0.081 0.052
Cough 131 (22.5) 15 (34.1) 79 (25.4) 37 (16.4) 0.221 0.004
Headache 220 (37.9) 5 (11.4) 117 (37.6) 98 (43.4) <0.001 0.029
Temperature >40°C 318 (54.7) 27 (61.4) 180 (58.6) 111 (53.1) 0.730 0.175
6SBP <90 mmHg 25 (4.3) 2 (4.5) 14 (4.5) 9 (4.0) 1.000 0.761
Hepatomegaly 303 (52.2) 31 (70.5) 222 (71.4) 50 (22.1) 0.899 <0.001
Jaundice 17 (2.9) 0 (0) 11 (3.5) 6 (2.7) 0.372 0.757
Splenomegaly 101 (17.4) 10 (22.7) 72 (23.2) 19 (8.4) 0.950 <0.001
Rash 15 (2.6) 1 (2.3) 10 (3.2) 4 (1.8) 1.000 0.426
Laboratory
7Haematocrit <30% 72 (12.4) 7 (18.4) 52 (17.4) 13 (7.2) 0.875 0.001
8White cell count <4×109/L 40 (6.9) 2 (4.5) 19 (6.1) 19 (8.4) 1.000 0.251
8White cell count > 15×109/L 11 (1.9) 2 (4.5) 6 (1.9) 3 (1.3) 0.261 0.541
9Platelet count <100×109/L 27 (4.6) 2 (5.7) 13 (5.3) 12 (9.0) 1.000 0.165
10SGOT >200 IU/L 63 (10.8) 3 (21.4) 43 (32.8) 17 (22.7) 0.549 0.159
10SGPT >200 IU/L 44 (7.6) 0 (0) 26 (19.8) 18 (24.0) 0.075 0.286
Isolate
Fully susceptible organism 75 (12.9) 4 (9.1) 30 (9.7) 41 (18.1) 1.000 0.003
MDR 469 (80.7) 39 (88.6) 261 (83.9) 169 (74.8) 0.510 0.004
Reduced susceptibility to FLQ 215 (37.0) 17 (38.6) 127 (40.8) 71 (31.4) 0.781 0.026
1Comparison of children < 5 years with children 5–15 years and 2 of children < 16 years with adults ≥ 16 years by chi square, Fisher’s exact or Mann–Whitney
U test as appropriate.
3Denominators for age groups are the total for each period.
4Denominators for age groups are the total for each site.
5median (IQR).
6SBP – systolic blood pressure.
7n = 518.
8n = 580.
9n = 414.
10n = 220.
FLQ: Fluoroquinolone.
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studies have suggested that disease severity between sexes
can vary geographically and has been found to be morecommon in females [7,15] but also with males, particularly
intestinal perforation [4]. It is noteworthy that anaemia
was significantly more common among patients with
Table 2 Outcome in the 581 patients with confirmed typhoid categorised by age group
Covariate All ages <5 years 5-15 years ≥16 years p value1 p value2
n = 581 n = 44 n = 311 n = 226
Severe or fatal disease 90 (15.5) 4 (9.1) 47 (15.1) 39 (17.3) 0.363 0.348
Gastrointestinal bleeding 43 (7.4) 1 (2.3) 22 (7.1) 20 (8.9) 0.334 0.287
Intestinal perforation 6 (1.0) 0 (0) 2 (0.6) 4 (1.8) 1.000 0.214
Encephalopathy 16 (2.8) 1 (2.3) 7 (2.3) 8 (3.5) 1.000 0.437
Myocarditis 12 (2.1) 0 (0) 9 (2.9) 3 (1.3) 0.609 0.384
Haemodynamic shock 5 (0.9) 0 (0) 0 (0) 5 (2.2) - 0.009
Renal impairment 4 (0.7) 0 (0) 0 (0) 4 (1.8) - 0.023
Hepatitis 29 (5.0) 1 (2.3) 18 (5.8) 10 (4.4) 0.488 0.617
Cholecystitis 4 (0.7) 0 (0) 3 (1.0) 1 (0.4) 1.000 1.000
Pneumonia 5 (0.9) 1 (2.3) 2 (0.6) 2 (0.9) 0.328 1.000
Pleural effusion 6 (1.0) 1 (2.3) 3 (1.0) 2 (0.9) 0.412 1.000
Severe anaemia 6 (1.0) 0 (0) 5 (1.6) 1 (0.4) 1.000 0.413
Blood transfusion 3 (0.5) 0 (0) 2 (0.6) 1 (0.4) 1.000 1.000
Death 3 (0.5) 0 (0) 0 (0) 3 (1.3) - 0.058
1Comparison of children < 5 years with children 5–15 years and 2 of children < 16 years with adults ≥ 16 years by chi square, Fisher’s exact or Mann–Whitney U test
as appropriate.
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multi-factorial including intestinal bleeding, haemolysis
and nutritional.
In this analysis severe disease occurred in 15.5% of all
typhoid patients and fatal disease in 0.5%. These figures
are comparable with studies conducted in Pakistan,
Bangladesh, India and the United States [6-8,16]. As only
approximately 10% of patients with blood culture
confirmed typhoid are hospitalised in this region, these
figures likely do not reflect the true frequency of severe
disease in the population [32]. The threshold for hospital
admission, the availability of antimicrobials in the
community without prescription and their use prior to
admission will vary between different localities and un-
doubtedly bias who is admitted to hospital. All the fatal
cases from this analysis were adults with encephalopathy
and haemodynamic shock; these symptoms have pre-
viously been identified as markers of particularly severe
disease [33-35].
We found no association of disease severity with an
MDR phenotype. In a prospective study of 1,158 children
with culture confirmed typhoid fever in Karachi, Bhutta
and co-workers found that MDR infections in children in
Karachi were associated with higher rates of toxicity,
hepatomegaly and hypotensive shock [6]. The 2% morta-
lity in children with an MDR infection in the study from
Pakistan was not significantly higher than the 1.4% mor-
tality in those infected with an antimicrobial susceptible
strain (OR 1.6, 95% CI; 0.5 - 4.6, p = 0.34). Notably, inter-
mediate susceptibility to fluoroquinolones was not do-
cumented in the study from Pakistan. In a previous
investigation in Vietnam, which incorporated some datafrom the first period of this study, higher bacterial
counts in the blood were associated with an MDR
phenotype [17].
The reason for more severe disease in those infected
with strains with intermediate susceptibility to ciprofloxa-
cin may be more complex than merely a poor response to
antimicrobial therapy. We speculate that the genotype of
the relevant S. Typhi organisms may also play an im-
portant role in regulating disease severity. Specifically, we
suggest an association between bacterial haplotype
(assessed by chromosomal single nucleotide polymor-
phisms (SNPs)) and the pathogenic potential of the strain.
There is currently no SNP/disease severity data to support
this theory. However, S. Typhi isolates originating in
Papua New Guinea in the late 1980s and early 1990s
exhibited extensive genetic diversity using an insensi-
tive genotyping method (Pulsed field gel electrophoresis
(PFGE)), yet a single clone appeared to associated with 11
cases of fatal disease [36]. A further study of 81 S. Typhi
isolates from 1997–1999, also in Papua New Guinea,
showed increased genetic divergence in S. Typhi with
PFGE, but only a restricted range of PFGE types were
found in seven patients with severe or fatal disease [37].
Furthermore, recent studies have shown an association of
the ciprofloxacin intermediate phenotype and the IncH1
MDR plasmid with H58 haplotype [38-40]. We have
found that this particular haplotype has undergone wide-
spread emergence in the Mekong Delta of Vietnam in the
last 10 years [41]. Whether this haplotype is associated
with more severe disease requires further investigation.
Our investigation has limitations that need to be con-
sidered. Firstly, we only studied hospital admitted cases
Table 3 Clinical and haematological characteristics of 90 severe and 491 non-severe typhoid fever patients
Characteristic Severe or fatal n = 90 Non-severe n = 491 OR 95% CI p value
Signs & symptoms
Abdominal pain 45 (50.0) 133 (27.1) 2.69 1.70-4.26 <0.001
Constipation 29 (32.2) 105 (21.4) 1.75 1.07-2.86 0.025
Diarrhoea 62 (68.9) 259 (52.7) 1.98 1.23-3.21 0.005
Vomiting 30 (33.3) 86 (17.5) 2.36 1.43-3.87 0.001
Cough 21 (23.3) 110 (22.4) 1.05 0.62-1.80 0.846
Headache 42 (46.7) 178 (36.3) 1.54 0.98-2.42 0.061
Temperature >40°C 50 (58.1) 268 (56.5) 1.07 0.67-1.70 0.783
Systolic blood pressure <90 mmHg 9 (10.0) 16 (3.3) 3.30 1.41-7.72 0.004
Hepatomegaly 62 (68.9) 241 (49.1) 2.30 1.42-3.71 0.001
Splenomegaly 19 (21.1) 82 (16.7) 1.34 0.76-2.33 0.310
Rash 5 (5.6) 10 (2.0) 2.83 0.94-8.48 0.053
Haematology
Haematocrit <30%1 23 (26.7) 49 (11.3) 2.85 1.63-5.01 <0.001
White cell count <4×109/L2 10 (11.1) 30 (6.1) 1.92 0.90-4.07 0.086
White cell count >15×109/L2 5 (5.6) 6 (1.2) 4.75 1.42-15.90 0.006
Platelet count <100×109L 3 7 (9.9) 20 (5.8) 1.77 0.72-4.35 0.211
SGOT > 200 IU/L4 33 (63.5) 30 (17.9) 7.99 4.01-15.91 <0.001
SGPT > 200 IU/L4 28 (53.8) 16 (9.5) 11.08 5.24-23.47 <0.001
1n = 518.
2n = 580.
3n = 414.
4n = 220.
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mine hospital admission such as pre-hospital treatment
and access to healthcare. The lack of reliable data con-
cerning pre-hospital antimicrobial therapy is a further
drawback. The data are recorded from a period more
than ten years ago and, therefore, may not represent the
contemporary situation in Vietnam or in other parts of
Asia. However, we selected this period as it covered a
period of changing antimicrobial susceptibility patterns
and strains. In many locations, which are currently en-
demic for typhoid, antimicrobial resistant strains nowTable 4 Factors associated with severe or fatal typhoid fever
Covariate Severe or fatal n = 90 Non sever
Age (years)1 14 (10–23) 12 (7
Male 54 (60.6) 242 (
Days ill prior to admission1 10 (7–14) 8 (6
Fully susceptible organism 9 (10.0) 66 (1
MDR 78 (86.7) 391 (
Intermediate ciprofloxacin resistance 45 (50.0) 170 (
Site
Ho Chi Minh City 52/350 (14.9) 298/35
Dong Thap 38/231 (16.5) 193/23
1Median (IQR).
AOR: adjusted odds ratio; NI: Not included.dominate the local epidemiology, making it difficult to
determine any potential link between resistance and dis-
ease severity [41].
Conclusion
In this large dataset on clinical typhoid and disease se-
verity we found an independent association between in-
fections with strains with intermediate susceptibility to
ciprofloxacin and severe typhoid fever. This may reflect
the widespread use of fluoroquinolones, particularly cip-
rofloxacin and ofloxacin, in this area during this periode n = 491 OR 95% CI p value AOR 95% CI p value
–21) 1.01 0.99-1.03 0.243 1.02 0.99-1.04 0.122
49.3) 1.54 0.98-2.44 0.062 1.61 1.00-2.57 0.048
–10) 1.03 0.99-1.07 0.081 1.04 .99-1.08 0.065
3.4) 0.72 0.34-1.49 0.371 NI
79.6) 1.66 0.87-3.17 0.123 1.41 0.72-2.75 0.316
34.6) 1.89 1.20-2.97 0.005 1.90 1.18-3.07 0.009
0 (85.1) 1.00 - - 1.00 - -
1 (83.5) 1.13 0.72-1.78 0.603 1.19 0.72-1.98 0.501
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Whether additional host and bacterial factors are im-
plicated in severe disease requires further investigation.
Ciprofloxacin and ofloxacin should be used with caution
in patients infected with S. Typhi that have intermediate
susceptibility to ciprofloxacin. Although the newer gene-
ration fluorquinolone gatifloxacin is effective for treating
such infections it is now unavailable in many countries
because of safety concerns. Other alternatives for treating
infections with isolates that are MDR and have interme-
diate susceptibility to ciprofloxacin are extended spectrum
cephalosporins and azithromycin [42].
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